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The Petrology of the Samford Granodiorite 
By R. GRADWELL 
The post-orogenic Samford granodiorite is emplaced in geosynclinal deposits which 
have undergone low grade metamorphism. Detailed investigation of contact zones has 
shown that there can be all gradations from hornfels to a granodiorite due to recrystallisation 
and replacement. During these changes there was a concentration of fernie material, and 
in the granodiorite this nov. appears as xenoliths. Although it is recognised- from field 
occurrences that some upward movement of the mass occurred, it is concluded from 
petrological studies that most of the granodiorite originated, at some level, by replacement 
of the country rocks. 
I. INTRODUCTION 
To the west and north-west of Brisbane, Queensland, there occur geosynclinal sediments 
and volcanics of low metamorphic grade in which are emplaced a number of masses of rock of 
granitic character. The Samford mass is probably the largest of these, and it is composed 
mainly of granodiorite, though in its western part there is some dioritic material. 
The work was started as a spare-time project and the field work Was carried out before 
the award of an Overseas Science Research Scholarship by the Royal Commissioners for the 
Exhibition of 1851. For this and for a travel grant awarded by the British Council, I am 
very grateful. I am indebted to PrOfessor H. H. Read and Dr. S. R. Nockolds for much 
helpful criticism and for reading the manuscript. Financial assistance has also been received 
from the funds of Commonwealth Research Project, No. 73. 
Locality references are commonly given as grid references to the One Mile Military 
Map, Samford, e.g., 994968. Small distances, especially microscope measurements, are given 
in Metric units, while larger distances are stated in English units. 
II. GENERAL GEOLOGY 
The block of geosynclinal sediments, known as the D' Aguilar Block, stretches to the 
north-north-west from the Brisbane River which borders it on the south. The rocks of this 
Block are part of the Brisbane Metamorphics (Bryan and Jones, 19.51) which were first 
described as a whole (under the name of "Brisbane Schists") by Denmead (1928). 
For the most part the country rocks in which the Samford granodiorite is emplaced 
consist of semi-pelitic sediments which have been subjected to only a low-grade metamorphism 
prior to the emplacing of the granodiorite. The main differences from semi-pelitic types are 
andesite and some lime-rich sediments. 
The rocks of the D'Aguilar Block maintain a general north-north-west trend, but there 
are many local variations from this direction. The dips are usually steep. 
The ages of the granitic masses in the Block are not known with any certainty, though 
it is likely that they are all of similar age. All are bounded by the Palaeozoic rocks of the 
Block and none are known to cut Triassic sediments which flank the Block in many places. 
The Kholo Creek mass, south of the Samford mass, has altered rhyolite which .belongs to the 
Brookfield Volcanics, but this is merely a relative age for the age of the Volcanics is not certain. 
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In the Samford area, basalt overlies the eroded granodioritic peneplain. This basalt can be 
reliably grouped with the Tertiary volcanics which �e abun��nt in south-east �eensland 
(Richards, 1916) and there is therefore no doubt that the gramt1c rocks are pre-Tertmry. 
At Monsildale granitic rocks intrude the Neara Formation and according to Jones 
(1948, p. 51) this intrusion "extended to at least the end of the Lower Triassic." ln the 
Yarraman district Gradwell {1949) found granitic rocks to be younger than rocks similar to 
those of the Brisbane l\letamorphics, but older than the Lower Middle Triassic Esk Series. 
These granitic rocks of south-east Queensland were formerly considered to have been 
emplaced towards the end of the Permian. Evidence available at present is inconclusive but 
it seems likely that insofar as these masses can be grouped together they may be of Lower 
Triassic age. 
Physiography 
The plutonic rocks of the Samford district occupy a basin�like area of about twenty-five 
square miles forming "a miniature peneplain surrounded by schist hills" (Marks, l933, p. 141). 
The basin is surrounded by a prominent "horseshoe" of hills to north, west and south, while 
to the east the hills are lower. The rise across the five and a half miles of granitic rocks from 
east to west is only from 200 feet to 400 feet at the foot of Mount Nebo. This level of erosion 
(200 to 400 feet) is common to the granitic masses of the D' Aguilar Block. About the 400 
foot contour there is a marked change in the slope, and the country rises to heights of up to 
1,900 feet. The usual steep slopes of the Brisbane Metamorphics are exaggerated round the 
basin where alteration to hornfelses has made these rocks more resistant to weathering. 
The north-eastern gap in the hills is the outlet for the South Pine River which rises in 
rough scrub country north of Mount Nebo. In its course across the basin it is joined by 
Dawson Creek and Samford Creek. 
Weathering of the plutonic rocks has proceeded faster than removal, so that much of 
the central area is covered by a deep layer, up to twenty feet thick, of rotten rock. Resulting 
from the peculiar basin topography are scree fans, produced by the migration of fragments 
of country rocks down the slopes and their spreading out over the basin. Since the contacts 
are mostly in areas of change of slope exposures of contacts are mainly limited to gullies. 
The best soil is a red soil derived from the more basic hornfelses and where this has 
moved down the steep slopes and spread out over the poor granitic soil it has been cultivated. 
Hence, most of the farming is conducted round the perimeter of the basin. 
III. THE COUNTRY ROCKS 
Although Denmead (192!::!) divided the rocks of his Brisbane Schists into four groups 
and Bryan and Jones (1951) have further subdivided the Brisbane Metamorphics of the Brisbane 
area, the present author does not attempt to apportion · the Samford country rocks into the 
groups set out by these authors. The interest here is centred on the kind of rock. As far 
as the _metasediments are. concerned the age increases from west to east, though the oldest of the Bnsbane Metamorph1cs, the Rocksberg Greenstones, are not found in this area. 
If we were to follow Denmcad's division of the metasediments, east to west, we would 
have Bunya �hyllites, Neranlei&h Greywackes, and Fernvale Jaspers. ]n a very general way 
such a groupmg can � recogmsed. These rocks have the general regional strike, namely, 
north-north-west, a_nd_ d1ps are mostly steep to one side or other of the vertical, but here again there are many vanattons from the general. The nature of the country unfortunately prohibits 
the close observation of the attitude of the country rock round the contact. 
Phyllites, api:'arently unaff�ted by the_ gra�odiorite, build the slop� east of the basin
, 
and there are ,Pienbful exposures �� the cuttmgs m the roads leading down to Samford and 
Camp Mountam. The fresh n>ck IS dark blue-grey with well developed phyllitic structure; 
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minor crumples, contortions and slickensides are common. Quartz veins, varying in thickness 
from the finest films to veins of several inches, are abundant. Under the microscope the very 
fine grain of the rock becomes apparent. Apart from quartz, which is the main constituent, 
micaceous and chloritic material is seen concentrated into layers. Later quartz veinlets run 
parallel and at all angles to the lamination. 
'Rocks of this type extend for considerable distances about Brisbane without much 
lithological change, and the original shales appear to have been converted to phyllites as a 
result of processes which ceased when the uplift ceased. Much of the Camp Mountain area 
appears to have been originally of this phyllitic rock. 
Towards the west the rocks lose this phyllitic character and become somewhat coarser, 
in some places being of true greywacke type. This change from phyllitic to non-phyllitic 
probably indicates a time break. The commonest type of rock differs from greywacke in its 
lack of rock fragments. Angular to subangular grains of quartz and some felspar, l mm. or 
less in diameter are set in a muddy groundmass. Most of the felspar is cloudy and twin 
lamellae are rarely seen. Biotite and hornblende are usually present to some extent, but it is 
difficult to say how much of these minerals is due to the influence of nearby granitic material. 
Other common types of country rock in the middle border regions differ from that just 
described in having either very little matrix or in having little of the large fraction quartz 
and felspar. The sandy and clayey types in places are combined to give a banded rock. 
The country rocks are mostly non-calcareous, bpt here and there round the contact 
are outcrops of dark greenish rocks which apparently represent calcareous sediments of a type 
to be found elsewhere in the Brisbane area, e.g., on the Brookfield Road east and west of 
Brookfield. In the Samford area these calcareous rocks are all much altered; in no place is it 
possible to trace them out to unaltered rocks, so that they must represent small lens-like 
masses. Another characteristic feature is their natural occurrence only in small blocks 
plentifully strewn on the surface-large outcrops do not occUr. These dark green hornfelses 
give rise to a bright red soil. .,. 
To the west of the area the metasediments are somewhat more siliceous than elsewhere 
and quartzites and cherty rocks are common. On the north-east slopes of Mount Nebo there 
is an unusual breccia made up of dark angular chert fragments set in a fine light grey siliceous 
cement. 
Apart from the calcareous rocks already mentioned there is one other variation from 
the general semi-pelitic type of country rock. This is the andesite which builds up the high 
point known as Jolly's Lookout, and which projects from the other country rocks like a 
promontory into the sea of plutonic rocks. Whether the andesite lies as a sill in the sediments 
or cuts them as a dyke is difficult to decide because the andesite and sediment are not seen 
in association. 
The andesite is a well-jointed massive black rock with both flow and agglomerate 
structures and is somewhat variable in grain size. Included in it are fragments of the sediments 
as well as pieces of andesite, and in one block near the Lookout is a small rounded fragment 
of a granitic rock. The andesite is cut by both aplitic and pegmatitic veins. Plagioclase 
phenocrysts are plentiful and range in size from 0.5 to 3.0 mm. in length. They arc mostly 
subhedral, single individuals, twinned on albite or combined albite-Carlsbad laws. The 
composition ranges from Ab45 to Ab50. Augite is the most abundant ferromagnesian mineral 
occurring as phenocrysts; the crystals are commonly bordered by uralite and magnetite grains 
are included within them. A few phenocrysts of biotite are also present, These minerals 
are set in a very fine to glassy cloudy grey groundmass which in some sections shows flow 
flow lines. Towards the granodiorite the andesite shows marked alterations which will be 
described later. 
Summarising, then, it is seen that the country rocks are predominantly semipelitic 
sediments which were upturned and slightly metamorphosed, if at all, before the granodiorite 
was emplaced. Besides these rocks there are small masses of what were probably originally 
calcareous muddy sediments, together with a mass of andesite. 
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IV. THE GRANODIORITE AND ITS MODIFICATIONS 
The greater part of the plutonic mass .ex�d. �s of granodiorit;ic .rocks, only about 5 per cent. of the area, in the south-west, bemg d1onhc. The granodientes are black and 
white speckled rocks varying in grain-size throughout the outcrop, carrying conspicuous 
xenoliths and commonly cut by aplitic veins. The rock is best known from the stone. which 
has been quarried at Camp Mountain. This type of rock is the "nonnal" type and it will 
be used as a basis for description. There is considerable variation from this, however, and 
it is possible to distinguish four other types by examination of hand specimens. 
the �at;�of�:c:nJ�g �¥c��� i�t 1�PP!�u;ot��� �asine� ��di� �f ����fs::��eCi�� 
Hall. ln a report to the architects, he gave the following figures regarding this building stone: 
Specific gravity: 2.74. 
Crushing resistance measured on approximate 7 inch cubes averaged about 
19,500 pounds per square inch. 
Richards concluded his report with the statement that "every confidence can be placed 
in the retention of a fresh appearance, the resistance to weathering agencies and the strength 
of the material:" 
biotite,
T
h��n�t����.5 p�����/��n;e:ft:. �l;:��1�:;h� �s!�d �i!�s����r�;a��d��a::u::!k� 
and pyrites. 
The normal granodt"orite 
This is a coarse·medium grained hypidiomorphic rock of an overall grey colour. 
Plagioclase is the most abundant constituent. It is subhedral with an average graU:.-size 
of 3 mm. with some individuals up to 10 mm. in length; the crystals are in section two or three 
times as long as broad; albite, Carlsbad and rarely pericline twinning are shown. Many of 
the larger crystals are composed of small sub-parallel units so that the twin lines are not 
continuous along the lengths of the crystals. The bulk composition of the plagioclases is 
andesine, near Ab,6 ; zoning is faintly shown, especially in the central zones, and the composition 
ranges from Ab60 centrally to Ab7s on some borders. Some parts of the crystals are partl� 
altered to sericite, the alteration tending to follow 001 cleavages. Some crystals are free of 
inclusions, others include small round dark minerals commonly in zones parallel to crystal 
faces. Quartz has also been noted as inclusions. 
Potash felspar is always without crystal form and ranges from small interstitial areas 
to pools 10 mm. across. Most of it is microperthitic but the amount of plagioclase intergrown 
is relatively small. Simple twins are rare, even in the big pools. Potash felspar has been 
observed to enclose all the other minerals. Plagioclase thus included is usually much corroded, 
in some cases to the extent of being represented by optically continuous "islands" of plagioclase 
in a potash felspar "sea." Myrmekite occurs in wartlike masses or as a fringe along crystal 
faces (commonly 010}. The small isolated patches and many of the deeply corroded crystals 
of plagioclase frequently have no myrmekite development. This might be due to the fact 
that myrmekite in the remaining large crystals formed a protective coating to the plagioclase, 
as suggested by Nockolds (1932, p. 436). Myrmekite is best developed in those specimenS 
h�ving the �argest poo� �f potash felspar. Quartz is replaced by potash felspar, and residual 
wiSps and Irregular vemmgs and Becks of quartz in potash felspar can in many .cases be 
traced to the larger remaining quartz grains with which they are in optical continuity. The 
fcrromagnesian mine�al� are affected by the pota_;>h felspar only in the most coarse-grained 
rocks, where some b10hte edges become frayed: m general, however, the dark minerals are 
resistant to attack. 
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Quartz is somewhat similar in its form to the potash felspar, but the felspar developed 
later than the quartz. Though it tends to wrap around the better crystallised minerals it 
seldom forms pools large enough to enclose the other minerals poikilitically, and most of it 
occurs interstitially. Inclusions of liquid or gas bubbles, or of accessory minerals, are rare. 
The . quartz commonly shows a "mosaic" extinction-the extinction is not that of a shadow 
passing gradually across the grain, but small patches of the grain extinguish in different 
positions. 
Biotite occurs in crystals which are up to 5 mm. across and which are subhedral to 
ragged in form. It is a strongly pleochroic variety with X = pale straw, Y and 
Z = dark brown to opaque. In the first stages of alteration the scheme is Y and Z = green, 
X remaining straw; chlorite is rarely seen. The outline of biotite against plagioclase shows 
that the plagioclase was crystallised usually before the biotite, while from the wavy outline 
of some quartz-biotite boundaries it seems that these two minerals crystallised about the 
same time. Pleochroic haloes are rare, and inclusions of any sort are uncommon. 
Hornblende is subordinate to biotite. Subhedral crystals have pleochroism X = pale 
yellowish green, Y = olive green, Z = dark green, but much of it is shapeless and cloudy. 
Hornblende is frequently found with the other ferromagnesian minerals in clusters, with 
colourless pyroxene or a pale green fibrous amphibole forming the core. On replacement by 
amphibole the pyroxene gives rise to magnetite which occurs as grains in such clusters. Where 
some of the larger biotite and hornblende crystals lie together there is �eveloped a very fine 
lacelike intergrowth of biotite and quartz. The hornblende, like the biotite, is moulded on 
the plagioclase, with which it is in some cases in subophitic intergrowth. 
Pyroxene occurs in small amount only, as residual cores in hornblende, or rarely in 
small subhedral free grains. It is a non-pleochroic diopsidic augite Z/\C = 40°, frequently 
showing lamellar twinning. 
Magnetite is present mainly as an accompaniment to hornblende. Apatite is always 
to be found as tiny needles or stouter prisms,· but the total amount is small. Sphene is 
variable in amount and when present is usually associated with hornblende. Zircon is a 
rare accessory. 
An analysis of the Camp Mountain rock is quoted from Bryan (1922), and a modal 
analysis of rock from this locality is given. The second modal analysis is of the coarser rock 
from the South Pine River quarry. 
Si02 61.54 Modes 
Al203 19.03 Camp Mtn. South Pine 
Fe203 nil Plagioclase 40.4 53.2 
FeO 5.04 Quartz 19.8 8.4 
MgO 2.97 K-Felspar 15.3 19.4 
CaO 4.90 Biotite 14.9 8.7 
Na20 2.84 Hornblende 9.3 8.0 
K,o 2.76 Pyroxene 0.3 2.3 
H,O + 0.35 
H20 - 0.10 100 100 
Ti02 0.72 
P205 0.08 (Accessories were not estimated). 
Total 100.33 
S.G. 2.74. Analyst : G. R. Patten. 
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Filler-grained Granodior1'te 
This variant appears in hand specimens to be a finer-grained version of the normal 
type, but the microscope reveals textural differences. All the minerals listed above occur, 
but pyroxene is rare and sphene is an important accessory. The plagioclase seldom exceeds 
2 mm. in length and most individuals are about 1 mm. long. The crystals are mostly single 
(non-composite), zoned, and subhedral or rather irregular. Quartz is conspicuous under crossed 
Nicols because of its interlocking relationship to the other minerals. Many of the larger 
quartz areas totally enclose laths of plagioclase as well as some ferromagnesian mineral grains, 
while plagioclases jut into the smaller areas in an equally striking manner. Potash felspar 
has the same irregular replacing form as in the normal type. Whereas the plagioclase laths 
are unharmed by quartz as host, they and quartz are replaced by potash felspar. The enclosing 
nature of quartz in these rocks is shown in Figure I arld Text Figure I. This variant is a 
granodiorite, .medium to fine grained, with its plagioclases characteristically enclosed by quartz. 
TEXI FIGURE 1 
An area of optically continuous quartz (clear) showing it! 
relation to the felspars in the finer-grained granodiorite. 
A modal analysis is as follows :­
Plagioclase 
Quartz 
Potash Felspar 
Hornblende 
Biotite 
The specific gravity is 2.70. 
52.1 
16.0 
11.9 
10.7 
9.3 
100 
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Quarlz-'rich Types 
These rocks occur within several hundred yards of the margins of the mass. They 
are medium-grained dull rocks in which the dark minerals occur as clots of fine grains. Quartz 
is more plentiful than in the other varieties; it forms mosaics of grains, usually less than 0.3 
mm. in diameter, and the mosa:ic areas are often studded with fine biotite :flakes. Many of 
the larger quartz grains show a shadowy extinction, the shadows being of a size and shape 
suggesting that the large grain is a partly recrystallised derivative of a quartz mosaic. Biotite 
is in excess of hornblende and shows pleochroic haloes round small inclusions. These features 
will later be shown to be relict from the country rocks. The quartz-rich nature of this type 
of rock can be seen from Figure 2, and it is confirmed by the modal analysis:-
Trondhjemite Types 
Plagioclase 
Quartz 
Potash F elspar 
Biotite 
Hornblende 
The specific gravity is 2.68. 
38.4 
27.1 
26.7 
6.4 
1.4 
100 
In several localities (notably 006965 and 976978) there occur rockS of trondhjemitic 
character which are very similar to those referred to by Leedal (1952) as trondhjemite­
porphyrite. These rocks are of restricted occurrence and unfortunately there is no continuity 
of exposure to the surrounding granodiorites, though intermediate rocks seem to be gradational. 
Thin sections of the trondhjemite-porphyrite show crystals of plagioclase, quartz, biotite 
aild hornblende set, in striking contrast, in a fine quartz rich mosaic of a grain-size about 
0.05 mm. The plagioclase crystals vary from well-formed individuals of sharply rectangular 
section, 5 mm. or more long, to rounded grains of groundmass size. Most are zoned, the 
composition range being about Ab60 to Ab65, and better-shaped crystals show sharp twin 
lines. The zoning of these plagioclases is their most striking feature. There may be up to 
sixty zones, the core being always the most calcic part. The zoning is oscillatory and the 
composition varies from Ab48 to Ab77 on some margins. Many of the crystals are composite, 
with several smaller crystals lying together; some of the larger ones enclose, wholly or partially, 
the smaller ones; fine :flakes of biotite are common inclusions. The margins of the plagioclases 
show, on close examination, partial inclusion of the quartz grains of the matrix. The quartz 
crystals, about l to 2 mm. in size, nearly all show rounding and deep embayment of a form 
commonly stated to be the result of corrosion. (See Figure 3). Many have rounded enclosures 
of the groundmass. Some crystals have sharp pyramidal terminations while other parts of 
the crystal are rounded and embayed. Under higher magnification some margins of these 
quartz grains appear finely sutured, the size of the lobes being that of the matrix grains. 
The biotite is mostly poikilitic, enclosing quartz and felspathic material. The margins of 
the crystals are irregular, and fringed with fine flakes of the mineral. Much of the hornblende 
is also poikilitic, but it shows better crystal form than the biotite. Many of the crystals, 
however, appear to be only partly finished so that sections appear, e.g., with two prisms and 
a clinopinacoid face well developed and with the rest of the outline rounded. A little sphene 
occurs with ,the hornblende, and magnetite is a prominent accessory. The matrix in which 
these minerals are set is composed largely of quartz, with cloudy felspar and fine grains of 
the ferromagnesian minerals. 
The rock in nearby boulders has a similar appearance in hand specimens. Sections 
show the same minerals but the fine base is lacking. There is, however, a matrix of finer 
minerals between the larger grains which make up most of the rock. In this matrix quartz 
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is not as plentiful as in the case of the rock just described. Quartz cry�tals of the larger size 
are irregular in outline with angular embayments, and they: enclose grams of cloudy felspar. 
The rock type which seems to be intennediate between the trondhjemite-porphyrite 
and the granodiorite occurs in outcrops elsewhere in the area where there seems to be no 
trondhjemitic material. The intermediate-type rock is ';JSoally_ of a coarse-medium grain size, often with a peculiar lack-lustre appearance. In thin section several unusual features 
are seen. There is a wide range in grain-size of the minerals but most are relatively large 
and are set in a subordinate amount of fine--grained matrix. Plagioclase crystals are up to 
10 rrun. tong; some edges of a grain may be str-aight and even while others have an unfinished 
appearance and seem to merge into the fine matrix. Commonly, numbers of smaller 
plagioclases are included, and the larger crystals are as strikingly zoned as those of the 
trondhjemite-porphyrite (see Figure 4). Quartz may be of a "corroded" type (Figure 5), 
or it may enclose plagioclase in an ophitic fashion, or it may occur as aggregates of grains. 
Biotite and hornblende, likewise exhibit strange forms; the crystals are commonly solid in 
the middles but the margins are often dotted with small fragments of the mineral. The rock 
differs from the trondhjemitic types in having microperthite which occurs in sections as 
shapCless pools, enclosing the other minerals. The accessory minerals are iron ore and apatite. 
The matrix is a fine aggregate of these minerals. The rock shows no sign of strain. 
Distribution of these types 
The map of the area gives an indication of distribution of some of these rocks. 
Although the map is necessarily incomplete because of lack of outcrops, it can be seen that 
there is no general coarsening of grain towards the middle of the mass. Insofar as these 
variants are concerned, the mass as a whole is rather heterogeneous. 
V. XENOLITHS OF THE GRANODIORITE 
The granodiorite is characterised by xenoliths which can be seen in practicaUy every 
exposure throughout the area (Figure 6). Because they are more resistant to weathering 
than the host rock, they are usually conspicuous. All are darker, denser, and of finer grain-size 
than the granodior.ite, but their mineralogy is similar so that these differences are due to the 
relative proportions of the component minerals. While there is one form common throughout, 
there is also, especially in the east, a schistose elongate type. Apart from this, xenoliths 
collected right across the line of strike of the country rocks show no change with the changing 
country rocks. Even this solitary difference is not a sharp one as later description will show. 
Usually the xenoliths are rounded and vary in size from an inch to about a foot across. 
Some are more angular but never sharply so. The schistose types differ in their layered 
appearance and elongate cross-section. 
While they are to be found in all outcrops of the granodiorites, xenoliths are in some 
places more densely distributed than in others; in a few boulders they make up the major 
part of the whole, with the granodiorite forming a cement. In general they are to be found 
(in some size or other) about one to every square foot or so of surface. In some of the 
marginal rocks there is a greater concentration than usual and the xenoliths may be more 
a�gular. In t�e coars_e, better cryst_allised granodiorite the xenoliths may become much 
diluted by felstc matenal. The xenohths are all firmly bound to their host rocks and ap lite 
Yeins cut through them as through the host. 
(a) The common type 
The type most. frequently seen is a dark fine-grained rock with large white plagioclase 
�rystals ·and less obvtous homblendes. Whether or not a porphyroblastic texture is present 
Js largely dependent on the texture of the host rock. It is important to emphasise this fact. 
Where the enclosing rock is coarse-grained and with plagioclases larger than the general 
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grain-size, there �1 be large porphyroblastic plagioclases in the xenolith. Likewise, if the 
granodiorite- is fine-grained, the xenolith will be more even in its grain-size. This 
correspondence persists in the microscopic structures. 
Variation from the common type towards the "ghost" xenoliths in coarse granodiorite 
results from an increase in the relative amount of felsic minerals. While the material of the 
common type may make up xenoliths of either rounded or somewhat angular form, the 
"ghost" types are always rounded and not well marked off from their host-rocks. 
Mi�erals ptesent in the xenoliths are plagioclase, hornblende, biotite, potash felspar, 
pyroxene and quartz, with accessory ore, sphene and apatite. 
Plagioclase is usually the most plentiful mineral though in a few xenoliths the dark 
minerals predominate. The larger crystals of plagioclase are subhedral to rounded; up to 
10 nun., though usually 3-5 mm., long; and are of andesine (mostly about Ab60). Some have 
numerous inclusions of fine ferromagnesian minerals ; others enclose a few of the smaller 
plagioclases of the matrix, while in .s?I?-e there. are inclusi�ns of quartz. Many of th� larger plagioclases have a zone of fine sencttlc matenal near therr edges. The smaller plagwclases 
are less than 0.5 mm. long and about half th�t width and they give to the rock a characteristic 
appearance in thin section. This can be best described as similar to the appearance of a 
mass of grains of boiled rice · (see Figure 7). The small plagioclases are similar in composition 
to the larger ones. 
Potash felspar is variable in amount and in some sections is but a minor constituent. 
It never possesses crystal outlines, is very rarely twinned, and mostly shows in section as 
irregular pools where the plagioclase has been more or less replaced, leaving the ferromagnesian 
minerals and perhaps some plagioclase relics swimming in a relatively large area of potash 
felspar. These poikilitic areas seem better developed in the xenoliths than in the surrounding 
granodiorite. This may be due to two factors :-the smaller plagioclases of the xenoliths are 
more easily attacked, and more of the smaller ferromagnesian minerals are completely 
surrounded. Thus the phenomenon of this potash felspar replacement is more strikingly seen 
in the xenoliths than in the granodiorite. 
Hornblende usually exceeds biotite in amount. Though some crystals are large, they 
are commonly less than 2 mm. in length. The larger crystals are mostly sieved, or in subophitic 
intergrowth with plagioclase (see Text Figure 2), but mu�h of the hornblende is in ragge� or 
rounded grains. The hornblende has the common yellowish-green to dark green pleochr01sm, 
but the badly formed grains are usually cloudy. 
TEXT FIGURE 2 
Honiblende {above), biotite {lower left) and sphene 
{lower right) showing their outlines developed 
against plagioclase crystals. 
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Biotite is of the strongly pleochroic variety corrunon to the granodiorite and it is 
intergrown subophitically with plagioclase when individuals reach a sufficient size (Text 
Figure i�e pyroxene of the xenoliths is a diopsidic augite with a slight greenish tint._ It is 
usuaUy granular and never subophitic and is often closely associated with amphibole or biotite 
and accessory magnetite. Pyroxene-bearing xenoliths are more common in the eastern paFt 
of the area. 
Quartz is never plentiful in the xenoliths and is usually present .in accessory amount 
only. In the case of quartz there is no correspondence between the presence of the mineral 
inside or outside the xenolith. 
Sphene is present in those xenoliths which have no (or very little) pyroxene, and 
xenoliths without sphene are surrounded by granodiorite which likewise has no sphene. 
Though mostly shapeless, larger grains (up to 0.5 mm.) may be subophitic (Text Figure 2). 
The specific gravity of these xenoliths averages about 2.85, and ranges up to 2.93. In 
a typical example the. minerals of specific gravity greater than 2.94 made up a little more 
than a third of the rock. 
The composition of a xenolith of the common type, made up of plagioclase, hornblende 
biotite, quartz, iron ore and a little potash felspar is as follows :-
Si02 52.44 Mode 
AJ,011 19.89 Plagioclase 61.6 
Fe203 2.03 Hornblende 26.4 
FeO 5.13 Biotite 7.8 
MgO 4.91 Quartz 1.5 
CaO 8.40 Iron Ore 1.5 
Na20 4.35 Potash Felspar 1.2 
K,O Lll 
H,O + 0.31 100 
H,O - 0.06 
TiO\l L20 
P106 0.24 
MnO 0.09 
Total 100.16 
S.G.: 2.83. Analyst: R. Gradwell. 
The xenolith came from Samford Creek, about 40 chains down from the Samford Creek 
contact. 
Compared with the granodiorite analyses, silica is much lower, but iron, magnesia, 
lime, soda and titania are higher. In view of the concentration of plagioclase and 
ferromagnesian minerals to the exclusion of quartz this is what is to be expected. It must 
be pointed out_ that_ in �any other xenoliths potash would be somewhat higher than in the one analysed smce m thts case pools of potash felspar are inconspicuous. 
(b) The schistose types 
. The elongate xe�oliths are obviou_sly derived from altered sediments having a marked � onented struc�ure, and m fact, hand specimens of some of them can be almost exactly matched � 
by hand specimens of some of the biotite-cordierite-quartz schists from the foot of Camp 
Mountain. These xenoliths are up to about 2 feet long and are mostly fine-grained and 
dense, though some show coarsenin_g of grain and "invasion" by granodiorite along the cleavage 
pla.
nes. In some outcrops there 1s an alignment of xenoliths which is roughly that of the 
��:e�af�. the country rock; the host rock, -however, does not show any orientation of its 
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The minerals usually present are plagioclase, biotite and quartz, with accessory 
magnetite and apatite. The essential minerals form a mosaic of fine grains about 0.1 to 
0.2 mm. across. Quartz is slightly more plentiful than the plagioclase, which is intermediate 
andesine. The plagioclase does not normally occur in larger crystals though in xenoliths 
which form a link between the schistose and the common types, large porphyroblasts of 
plagioclase are present. The biotite flakes are of the common intensely pleochroic variety. 
In some sections magnetite grains are surrounded by "collars" of fine sericite aggregates. 
A few grains of shapeless sphene occur in one slice. Unlike the common type of xenoliths, 
the schistose ones generally have this mineral assemblage even though the surrounding 
granodiorite may contain hornblende or potash felspar. In the granodiorite of the South 
Pine River quarry, however, where the grain-size of the xenoliths is increased considerably, 
hornblende, potash felspar and diopsidic augite appear in the xenoliths. The fact that the 
finer schistose xenoliths do not contain all the minerals of their host rocks points to a lack 
of equilibrium between host and inclusion. The balance is more complete in the coarser 
rocks where higher energy conditions prevalied during their formation. 
In some sections of these schistose xenoliths, the biotite flakes retain their schist 
orientation whereas plagioclase crystals about them show no such alignment. The presence 
of fine flakes near recrystallised much-sieved plates is another example of the localisation 
of replacement, a phenomenon for which evidence has been found in many other cases 
throughout the area. The occurrence of schistose xenoliths in rocks which also contain 
xenoliths of the common type is another example of this restriction. 
No chemical analysis of this type was made but the high density (as much as 2.92) is 
indicative of high iron content. 
VI. THE DIORITES 
In the south-western part of the area the slopes are steep and boulder-strewn and vine 
scrub is extensive so that favourable exposures are not as plentiful as the problems pr'esented 
by the diversity of rock types-diorites, hypersthene diorites, and appinitic and beerbachitic 
types. The rocks are generally darker than in the rest of the mass but there is considerable 
variation from granodiorite to diorite and the actual amount of the latter rock, using the 
term in a strict sense, is small. 
The diorite does not form a marginal basic lobe to the granodiorite as a whole, for 
granodiorite extends around most of the more basic rock which seems to be a most irregular 
and ill-defined mass. The relationship of granodiorite to diorite is seen in the bed of Dawson 
Creek, in the middle of this steep valley, where the diorite is cut by veins, both sharp and 
gradational, of more acid rock varying from quartz-diorite to aplite. This intrusive contact 
is in contrast to what seem to be transitional junctions in some of the road cuttings near 
Mount Nebo settlement. 
It is to be noted specially that whereas the granodiorite carries its normal complement 
of xenoliths hereabouts, the diorite is apparently free of inclusions. 
Another striking feature of this dioritic area is its richness in hornblende. Besides 
its occurrence as an essential mineral in the diorite, hornblende occurs in vughs and clots, as 
broad replacement veins and patches, lining joint surfaces and forming thin veins which cut 
abruptly across the rocks. Clearly the hornblende was at some stage very readily transported, 
and its occurrence here resembles that of the mineral in the homblende-diopside hornfelses. 
Petrography 
The diorites show variability in their grain-size and the nature and proportion of the 
minerals present. Some of this variation is due to transition into granodiorites, some 
to the influence of country rock. Despite this variation within the group there are 
some characteristics which at once distinguish the diorites from the granodiorites; these are:--'-" 
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Firstly, on examining sections of the diorite one is impressed by the appearance of the 
plagioclases which are lath-shaped in section, sharply twinned and not much zoned. In 
contrast to the plagioclases of the granodiorite, the crystals are not often composite. 
Next, the ferromagnesian minerals, especially hornblende and biotite, are commonly 
in sub-ophitic intergrowth with the plagioclases and they do not occur as numerous fine grains 
and flakes. 
Thirdly, the rock commonly shows a marked orientation of the plagioclase crystals, 
and since there is no sign of crushing this must have been achieved while the rriush of crystals 
was well lubricated (see Figure 8). 
The minerals occurring in the diorite are plagioclase, hornblende, biotite, rhombic and 
monoclinic pyroxenes, quartz, magnetite and apatite. 
Plagioclase is the most important constituent ; it forms crystals of lath-like section 
varying in lengths from 0.5 mm. to .5 mm., with an average size of about 2 mm. The crystals 
are more homogeneous than the plagioclases of the granodiorite, as is shown by their twinning 
and feeble development of zoning. The albite twin lines are sharp and clear, and extend 
the length of the crystals ; combined albite-Carlsbad twins are common and pericline twinning 
is rare. The composition range is from Ab55 to AbGO" Many crystals include small round 
grains of the dark minerals, and some are shot through with very fine hairlike crystals. 
Quartz is a minor constituent which is variable ill amount. It is always interstitial 
and extinguishes sharply. 
There are always two, and sometimes three or four, of the ferrornagnesian minerals 
hornblende, biotite, augite and hypersthene. Hornblende and biotite are always moulded 
on the plagioclase and when .present in s�all amount these ferromagnesian minerals 
consequently give U-, V- or lance-shaped sections determined by the plagioclases. The 
pleochroism of the hornblende ranges from that common in the granodiorite, in which 
olive-green predominates, to a scheme which is more brownish, viz., X = straw, Y = light 
tan, Z = brown. The latter variety is not confined to any special type of diorite, though it 
occurs alone in the beerbachite. Biotite is similar to that of the granodiorite. The augite 
is mostly a diopsidic variety with ZJ\C = 41°. It rarely occurs free and is usually surrounded 
by aggregates of hornblende or biotite, with iron ore dust. In some sections a finely-fibrous 
felt of pale green amphibole takes the place of the pyroxene core. Hypersthe.ne, with 
pleochroism X = pale pink, Y = greyish, Z = grey-green, has schiller-like inclusions of iron 
Magnetite is an important accessory which is most plentiful in association with the 
ferromagnesian minerals. In some relic grains the ore assumes delicate branching forms. 
Apatite is a constant minor constituent. 
Towards the granodiorites there are gradations. There is increase in the amount of 
quartz, potash-felspar, and biotite, and the texture becomes more irregular. In the case of 
the real diorites, the sharply-twinned plagioclase, the lack of fine grains and flakes of 
ferromagnesian minerals and their occurrence in subophitic forms, all suggest a crystallisation 
from material which was at least sufficiently plastic to allow orientation, by movement, of 
the plagioclase crystals without crushing. 
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An analysis of the darkest of the diorites, occurring in Dawson Creek, is given below:-
Si02 49.00 
Al203 19.19 
Fe203 4.60 
FeO 5.97 
MgO 5.44 
CaO 9.33 
Na20 3.52 
KP 0.77 
H,O + 0.21 
H20 ----'- 0.06 
Ti02 1.52 
P205 0.42 
MnO 0.10 
Total 100.13 
Analyst: R. Gradwell. 
Plagioclase 
Quartz 
Hornblende 
Biotite 
Iron Ore 
Mode 
72.0 
3.0 
14.8 
9.0 
1.2 
100 
The specific gravity is 2.88; mostly the diorites range in specific gravity from 2.83 to 2.86. 
Modifications associated with the diorite 
Some interesting variants in the diorite province occur. The richness in hornblende 
and its former mobility have already been noted. The concentration of this mineral in some 
places produces veins and pockets made up wholly of coarse black crystals up to 4 em. long. 
In some occurrences the hornblende is ·associated with lesser amounts of plagioclase or potash 
felspar. The hornblende-plagioclase rock is a variant of the diorite, from which it differs 
only in the proportions of the minerals, but the hornblende-potash felspar rock, occurring 
in irregular veins, appears to be a replacement along fissures. These appinitic variants in 
the diorite never attain large size. 
On the Mountain Road downhill from the Mount Glorious turnoff, measured 20 chains 
south-east of 1Jtis junction, there are outcrops of hypersthene-bearing and porphyroblastic 
beerbachite rocks. The hypersthene-bearing rock occurs in a blockily-jointed mass which 
in the hand specimen lOoks like many of the granular basic hornfelses found elsewhere. It 
is made up of small plagioclase laths, Ab70, hypersthene, and iron ore. Some of the plagioclase 
crystals are packed with inclusions of small magnetite and pyroxene grains. Greenish 
hornblende occurs as thin films traversing the rock. In its texture and hypersthene content 
this rock is similar to rocks occurring in the diorite in Dawson Creek. 
Just down the road from this rock is a fine sugary-grained rock with rounded 10 mm. 
plates of black hornblende. Sections show this hornblende as a brown variety building large 
highly-sieved grains, quite without crystal outline, and packed with the grains of the 
groundmass, which is a ·mosaic of rounded to subhedral grains (0.1 mm.) of labradorite, 
augite, brown hornblende and iron ore. 
There are no exposures showing the relations of these rocks to one another, or to the 
dioritic . rocks,�bout them. They have been exposed in road cuttings, but are isolated by deep soil and vme scrub. 
At the contact on the Mountain Road near "Cosmos Lodge" about 60 chains to the south 
of the outcrops described above the rocks are a quartz-biotite-hornblende-diorite and a fine 
se�pelitic rock; between them for a width of a yard or two is a dark, finely crystalline rock 
�th crystals of plagioclase and augite up to 1.5 mm. long, set in a fine aggregate of these 
mmerals and magnetite. The plagioclase, rectangular to rounded in section, is labradorite, 
and it includes numerous fine magnetite grains and some granules of augite. There is often 
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a clear margin to the plagioclase crystals. The augite is in fresh subhedral to rounded grains, 
commonly twinned, which may enclose skeletal iron ore crystals. The section contains 
one large brown hornblende of irregular outline, much sieved. The mineral content is 
thus somewhat similar to that of the beerbachite. The matrix is of rounded · granules of 
these minerals, and they are wrapped about the larger plagioclases in striking fashion. 
In these occurrences there is no reason to suspect the former presence of a fine-grained 
basic igneous rock, and by comparison with other hornfelses of the district they :ire held to 
be basic hornfelses derived from sediments. The nature of this scrub cutting does not allow 
the changes right across the contact to be followed. 
Wells (1951) has describ'ed somewhat similar rocks under the comprehensive term 
"basic granular hornfelses." He refers to other papers in which the authors considered similar 
rocks to be sedimentogenous. 
VII. COUNTRY ROCK ALTERATION AND CONTACTS 
The phyllitic rocks of the Camp Mountain area become progressively more recrystallised 
and biotite-rich as the margin of the granodiorite is approached. In the early stages of 
alteration the layered structure of the rock is emphasised by· contrasted banding of quartz­
and biotite-rich layers, and contortions are preserved. Close to the contact, however, the 
recrystal!isation has obliterated these features. 
Of the new minerals developed biotite is the most important and, close to the contact, 
cleavage surfaces appear gleaming jet black due to the abundance of this mineral. In section, 
this biotite is characterised by its pleochroism from pale yellowish-brown to deep reddish-brown, 
and by the presence of fine inclusions surrounded by pleOchroic haloes. (The biotite of the 
homogeneous granodiorite lacks the red-brown tint in its pleochroism and has no radioactive 
inclusions).  Cordierite is found in the schists for as much as 300 yards from the contact. 
It forms crystals up to 4 mm. long. in the rocks close to the contact, and is always 
more or less pinitised. It encloses quartz, biotite, and rarely small grains of pleonaste. 
Plagioclase is present in some sections of the recrystallised rock, but it does not form large 
porphyroblastic crystals here. 11icroperthite occurs in shapeless grains which, in rocks near 
the contact, include biotite flakes. The quartz of the phyllite, during these changes, undergoes 
recrystallisation as well as replacement. In the more highly crystalline schists, there are 
areas, 2 mm. or so across, where grains of quartz are partly recrystallised and the mutual 
boundaries are almost effaced; this produces a peculiar extinction effect, reminiscent of the 
pattern of a harlequin costume. Minute rounded granules, mostly of a colourless mineral, 
and some grains of biotite, are included in the middles of many of the quartz grains. There 
are no exposures of the contact of these quartz-biotite-cordierite schists with the granodiorite. 
In only one boulder was any veining of the biotite-rich schist by granitic rock seen. 
This consisted of a tongue, about V5 em. long, emplaced parallel to the laminae of the schist. 
The granitic material consists of plagioclase, quartz and biotite. The plagioclase, Ab60, is 
in subhedral crystals up to 6 mm. long; they lie at random in the rest of the rock, which is of 
finer grain, and they commonly enclose biotite flakes and also at times a quartz grain. The 
parallel bands of biotite fla�es of the schist are broken up within the tongue into small blocks 
or clots. Some of the plagioclase crystals have grown in these little biotite-rich layers without 
disturbing them (see Text Figure 3). Here there is definite evidence of replacement of the 
quartz of the schist by plagioclase, while the biotite is not replaced but remains undisturbed 
as in:Iusion�. Quart� ?ccurs pl�ntifully ?oth �s rounded grains up to l wm. across, !l�d 
assoClate� Wlth_fi�e brotxte flakes 1!1 �he ?Chist rellcs: . A few larger (1  mm.) plates of interstitial recrystalhsed bwhte occur. Cord1ente IS mostly pm1tised or more altered to muscovite flakes 
in sheaf-like aggregates 0.5 mm. long. The black schist bordering the tongue is made up of 
a fine (0.2 mm.) aggregate of these minerals, together with some small clots of fine pleonaste. 
Although such . spinel aggregates occur close to quartz grains, the spinel does not persist in the coarse gramtlc areas. 
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Within about 15 em. the tongue grades rapidly into glassy quartz which follows the 
laminations of the schist. 
The granodiorite from boulders occurring nearest the biotite schist (a matter of a few 
yards only) is generally similar to the normal type of rock, except for a slightly greater biotite 
content. There does not appear to be any unusual concentration of xenoliths here. 
l rnm. 
TEXT FIGURE 3 
Roughly aligned flakes of biotite 
passing through a porphyroblast 
of plagioclase. 
In the non-phyllititic, mostly quartzo-felspathic rocks west of Camp Mountain the 
formation of biotite js the most characteristic feature of the alteration. The grain size atways 
increases towards the contact and original sedimentary features are obliterated by this 
crystallisation. 
. The most continuous exposure across a contac,t with sediments of this type is found 
m the bed of the headwaters of Samford Creek, at about 994968. This contact will therefore 
be described in detail, and details from other areas will be added later to complete the picture 
of metamorphism of these rocks. 
In a distance of about 70 yards the rocks change from fine hornfels to coarse granodiorite 
through a zone of agmatite. The strikes of the bands in the hornfels are locally variable but 
in general there seems to be a change from N. 349° E. to N. 284° E. towards the contact, 
though the banding is more continuous and regular- away from the contact. However, such 
readings as could be made of the strike indicate that blocks in the agmatite zone do not 
preserve their original orientation. That a plastic state was reached by some of the material 
is indicated by the curving lines· of some of the altered hornfels layers. Towards the 
granodiorite there is an increase in amount of the granitic textured matrix and decrease in 
the amount of the hornfelsic material. There is also a general increase in grain size and a 
lightening of colour. 
Perhaps the most striking observation to be made in the field is that in the agmatite 
zone there is a wide variety of types of inclusions, all representing various degrees of alteration 
of the hornfels. Even on a face 25 em. square one can see hazy, much recrystallised inclusions 
lying close to sharply-defined dense black hornfelsic inclusions with oriented minerals. In 
considering exposures of the type represented by Text Figure 4, it becomes necessary to 
consider the inclusions to have originated from what were formerly neighbouring pieces. The 
amounts of xenoliths and granitic material do not bear an inverse ratio to one another for 
even close to the granodiorite proper there occur relatively large inclusions of fine-grained 
hornfels. The granodiorite proper is homogeneous (in contrast to the granitic-textured matrix 
of the agmatite) and contains the normal typeS of xenoliths. 
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The unaltered sedimentary rock from which the hornfels was formed is not found on 
the slope but there i� a little-altered �erivative which apr:e�r.s as a fine grey spotted ;ock. This is composed mamly of quartz, w1th spots due to senc1�1C aggre&ates, together With a 
little biotite and iron ore. Downslope towards the contact thts becomes darker and tougher, 
forming a typical hornfels with quartz, biotite and iron ore. The biotite co�tains few 
pleochroic haloes and is pleochroic as follows: X = st�a":', ':" = Z = dark reddl:h .brown; so that the basal colours are slightly redder than the bwtite m the normal granodtonte. 
TEXT FIGURE 4 
A diagrammatic sketch of typical agmatite in the Samford Creek contact 
zone. The clear area is granitic textured, the stipple represents fine dark 
hornfels, w.hile �he coarser dashes repr�se�t more crystallised material. a= layered mcluswns and b= granular quartz1te. 
Closer to the contact there is not only increase in grain size, but new minerals develop. 
The quartz may recrystallise or may be replaced. It commonly crystallises to form grains 
which in section appear as relatively large, irregular plates which enclose other minerals. In 
some of these plates a faint outline of original constituent grains can be seen. Biotite likewise 
may form somewhat lacy plat�s- The new minerals are mainly plagioclase and augite. The 
plagioclase, intermediate andesme, appears first as small, more or less equidimensional grains. 
In more recrystallised material some of the plagioclases have grown to about 5 mm. in length 
and the rock becomes porphyroblastic; these large plagioclases enclose small grains of the 
other minerals. In many cases the larger plagioclase crystals have scalloped edges, the 
scalloping being due to growth against rounded quartz grains. The augite is faintly greyish 
in colour, and it is first seen in minute rounded grains. These grains do not form lace-like 
poikilitic grains with further crystallisation, as does the biotite but rather form subhedral 
crystals. The augite is optically positive with 2V about 75°. In most cases the biotite has 
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formed first and the augite formed after marked recrystallisation of the rock but in some 
specimens the fine hornfels has augite as the only ferromagnesian mineral. 
In some specimens potash felspar is common, but its amount is generally small. The 
accessories are iron ore, apatite, and a little zircon. 
The texture of the recrystallised hornfels is peculiar and characteristic once a certain 
grain size (about 0.1 mm.) is reached. This texture is dependent mainly on the plagioclase 
shapes and the quartz pools. The development of the texture is shown in Figures 9, 10 and 11. 
The granitic-textured rock which makes up the matrix of the agmatite is of similar 
composition-quartz, andesine, biotite, augite, etc.-but is in general of coarser grain-size. 
The quartz is present in irregular interstitial areas such as are commonly seen in granite or 
as the peculiar poikilitic pools. The plagioclase is Variable in grain size from about 5 mm. 
long to the small (about 0.05 mm.) crystals enclosed in the quartz. The larger crystals still 
show some scalloped edges where in contact with quartz. (Text Figure 5). 
TEXT FIGURE 5 
Large plagioclase crystals with 
small rounded quartz grains be­
tween them. · The lower plagioclase 
also includes a small quartz grain. 
The granodiorite proper from the end of the section is a coarse-grained rock of the 
normal type, so that it differs from the agmatite rock in its coarser and more regular grain-size, 
in the repla,cing potash felspar, and in the presence of plentiful euhedral sections of common 
hornblende; sphene is an important accessory. 
Contacts with similar sedimentary rocks can be seen on the South Pine River where it 
crosses the eastern margin and where it enters the north-west margin. In these areas there 
is again evidence that the hornfelses were made plastic, as shown by the contorted biotite-rich 
layers. In all these contact zones the originally finer, clayey layers become biotite-rich and 
resist granitisation, while the sandy layers are more easily granitised. Mineralogical changes 
are similar to those already described-quartz grains growing and including other minerals 
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with later increase of felspar, and biotite developing from small flakes (see Text Figure 6). 
Local differences are due to lack of augite or presence of a few garnets. 
TEXT Fl<.iURE 6 
Stages in the growth of biotite 
crystals from small grains typical 
of the fine homfelses. 
Contacts with calcareous rocks 
The altered calcareous rocks outcrop as collections of small dark blocks which give 
rise to bright red soil, but they have not been seen in large masses. They are �ssoci�ted with 
biotite-rich hornfels and there are usually also blocks of granophyre and pegmattte lymg about 
amongst them. The main occurrences are about 017972, 020025 and 983968. 
These hornfelses are made up largely of hornblende or diopside, or both, and quartz. 
The hornblende may be present without diopside but the diopside is always associated with 
hornblende. Near the contacts, and especially near pegmatitic and aplitic veins, (he grain-size 
of these minerals increases and labradorite, sphene, garnet and some pyrites appear, with the 
formation of striking crystalloblastic textures. The sphene forms crystals up to 2 mm. long 
and is strongly pleochroic in pink shades; it makes up 12 per cent. of the whole of some rocks. 
Hornblende is also plentifully developed as coarse crystals lining joints and cavities. 
¥/here the granodiorite is exposed near such hornfelses it is of the normal type and 
docs not show any enrichment in sphene or diopside. 
Contacts with Jolly's Lookout andesites 
There is an almost continuous exposure along road cuttings beneath the Lookout 
showing gradual changes from andesite to a rock of almost granitic texture. Elsewhere there 
are less well exposed sections, but all show the same general changes, differences in appearance 
of the resulting rocks being due to differences in the relative proportions of minerals formed. 
The alteration affects the groundmass of the andesite first, and this becomes finely and 
evenly crystalline; quartz and biotite begin to appear. The plagioclase phenocrysts may 
become clouded by very fine iron ore-dust. At a later stage the biotite tends to clot together. 
Some of the pyroxene and hornblende phenocrysts alter to nests of biotite flakes. 
These changes proceed somewhat patchily so that some parts of a thin section may be 
about 0.1 mm. in grain size while ofher parts are 0.01 mm. or less. In the coarser (mainly 
quartz-biotite) areas the quartz tends to form recrystallised grains of amoeba-like appearance. 
(See Figure 7). The plagioclase still retains its porphyritic relationship to its matrix but 
there commonly develops a thin outer border of untwinned plagioclase, of lower refractive 
index than the core. This layer grows out into the matrix grains in an irregular fashion, 
enclosing some of quartz, biotite and iron ore, and thus developing a very sutured margin 
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{see Figure 12 and Text Figure 8). In some cases this outgrowth serves to link two plagioclase 
crystals. When the grain-size of the matrix has increased to about 0.2 mm. the rock, with 
all the minerals (except the iron ore) showing pronounced crystalloblastic features, has a most 
characteristic appearance. (See Figures 13, 14, 15, 16). Not only has there been this marked 
change, but in the field it is seen that there has been a tendency for dark minerals to segregate 
themselves and they appear as clots or larger xenoliths. These xenoliths are usually about 
2-5 em. across and may be well defined or rather hazy. They are made up of the 
same minerals as, but in different proportions from, those of the host rock. By the time 
this rock of somewhat granitic appearance was formed it must have become slightly plastic 
since some exposures show a rough alignment of the plagioclases. 
TEXT FIGURE 7 
The clear area at the top of the 
plagioclase shows quartz iu the 
typical amoeba-like form. 
TEXT FIGURE 8 
Detail of the edge of a 
plagioclase crystal show­
ing the outgrowth into 
the quartz mosaic and the 
very sutured margin. 
Some features of tt1fse textural peculiarities are carried through into the granodiorite 
at its closest outcrops. 
In some places in the andesite, mainly near Dawson Creek, there are a few rounded 
masses of granitised material which appear to be quite surrounded by andesite. These are 
usually 5-10 em. across and show the characteristic early textures described above (see 
Figure 17). They appear to represent isolated, independent zones of early granitisation. 
The "granitisation" of the andesite, then, is mainly a recrystallisation, with formation 
of quartz and biotite. It is to be noted that though quartz forms amoeba-like grains, it does 
not give rise to forms resembling corroded quartz crystals. 
VIII. PETROGENESIS OF THE GRANODIORITE 
The granodiorite is a post-orogenic mass which has been shown to be not homogeneous 
when examined in detail. The normal type of rock is a fairly typical "igneous-looking" 
�����o:�:�n��u:���r�h�s �::��: :�[�������t b����eoc����:��! ��ex���1ith�t���o!�����: 
In attempting to determine to what extent the granodiorite is of intrusive or replacement 
origin one must consider the evidence from contact zones. In summary this is: 
R. GRADWELL 
For the semipelitic rocks 
Biotite develops early, and it and quartz recrystallise. Felspars �orm later, but grow 
to larger size. Textural pe�uliarities deyelop during this cryst�llo�lasttc growt�; the most 
prominent of these features 1s the fonnation of pools of quartz wtth mcluded plagioclase. 
There is a tendency for the dark minerals to be segr�ate�. first into layers, 
and later into clots or xenoliths. Furthermore these changes gtve nse to marked local 
textural differences, since fine-grained layered xenoliths may occur next to coarser-grained 
porphyroblastic ones. . . . 
Commonly a plastic state was reached by the hornfelsiC rnatenal m the contact zones. 
While the granitic-textured matrix in the agmatite may show all gradations to the 
hornfels, there is usually, but not always, a textural and mineralogical break between this 
matrix (metatect} and the nearby granodiorite. 
For the calca·reous rocks 
The calcareous sediments are converted into hard rocks rich in hornblende and diopside, 
with also labradorite, sphene and garnet. Nowhere was any gradual change from such 
hornfelses to the granodiorite observed. 
For the andes£tes 
The groundmass of the andesite gradually recrystallises and becomes a quartz-biotite 
mosaic. At a later stage the phenocrysts of plagioclase are mantled by a narrow zone of more 
sadie materiaL Further recrystallisation and introduction of potash felspar gives rise to a 
granodiorite. 
Again, the rock reached a plastic state and there was also the tendency to form clots 
and xenoliths rich in ferromagnesian minerals. 
When the petrographic details from most of the contact zones are compared with those 
from the main granodiorite mass it is found that there are some peculiarities common to both. 
These are best seen in the fine-grained granodiorite where the pools of quartz enclosing 
plagioclase occur. Other details to be considered are: mineralogical similarities, patches of 
fine-grained rock of hornfelsic appearance (see Figure 18), crenulate borders of plagioclase 
and biotite against quartz. (Text Figure 9 and 10). The normal granodiorite differs from 
the metatect of contact zones in grain-size, the presence of hornblende (which obviously 
develops from augite), and the late-stage potash felspar. 
l m m. 
TEXT FIGUR� 9 AND 1 0  
Figure 9 sh?ws fine round quarU grains betw�n large plagioclase 
c
�
stals, while figure l O  shows the crenulate margins of plagioclase 
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Finally there are the xenoliths to be considered. The elongated schistose xenoliths 
are not troublesome since many could be matched very closely by rocks near the contact. 
The origin of the rounded, porphyroblastic ones, however, is not so obvious. Their textural, 
and most of their mineralogical features, can be matched by much altered remnants of hornfels 
in the agmatites (compare Figures 7 and 19). 
The xenoliths of the granodiorite differ from xenoliths of the agmatite in having 
hornblende and potash felspar. In this respect, then, they resemble the granodiorite in its 
relation to the metatectic material. Attention has already been drawn to the occurrence 
in the agmatites of xenoliths which differ considerably in the amount of recrystallisation and 
replacement, the difference being pronounced even in xenoliths a few centimetres apart. This 
variation in the character of the xenoliths in the agmatites persists with further granitisation 
so that in some of the coarser granodiorite porphyroblastic and schistose xenoliths may occur 
close together. 
The hypothesis for the origin of this granodiorite is therefore as fOllows: The granodiorite 
as at present exposed originated at some level by replacement of country rocks, by processes 
whose results are now shown in certain of the contact zones. Much of the resulting .material 
was mobilised so that now there are commonly marked differences between country rock and 
granodiorite, due to intrusive movement. The amount of mobilisation was variable. The 
fine-grained granodiorite, especially, represents less recrystallised rock. The xenoliths are 
final · stages of the process of concentration of dark minerals : with the reaching of a general 
mobile state a strewing of the xenolithic material is to be expected. If the xenoliths do actually 
represent local concentrations of replacing fernie material, then it follows that the granitic 
material in. which they occur is also largely of replacement-recrystallisation origin. The 
dominance of replacement, as against intrusion, is also shown by the outcrop of the andesite, 
which appears resistant to replacement and therefore cuts across the granodiorite. If forceful 
intrusion had been active then surely the well jointed andesite would have been pushed aside 
as readily as the other rocks. 
It is still necessary to account for the origin of the trondhjemitic types. It has been 
shown that alteration of the andesite produces, at an intermediate stage, a porphyritic rock 
with a quartz-rich matrix of mosaic texture. Further, that though crystallisation of these 
quartz grains may give rise to amoeba-like forms, it does not give rise to forms resembling 
grains of corroded quartz (c.f. Misch (1949), p. 388). An outcrop at 957995, in an area of 
altered andesite, seems to resolve the difficulty. This rock is a porphyritic volcanic rock 
with phenocrysts of quartz, plagioclase, biotite, and hornblende which can be matched in 
detail with those of the "trondhjemite porphyrite"-the corroded quartz, the spectacular 
plagioclase zoning, and so on. These phenocrysts are set in a fine, rather cloudy base in which 
early recrystallisatiol). and quartz development are apparent. It appears, then, that the 
peculiar "trondhjemite porphyrite" formed from such a dacite by partial recrystallisation 
and silicification of the groundmass. 
Uphill from this outcrop of dacite are boulders of granodioritic rock of the type 
described M intermediate between the trondhjemite porphyrite and the normal granodiorite. 
It appears that this intermediate rock is actually intermediate not between granodiorite and 
trondhjemite. porphyrite, but between granodiorite and dacite. For some reason the 
groundmass has giyen rise to fewer, larger grains. It seems, too, that the original ratio of 
phenocrysts te groundmass must have been higher. 
The Diorite 
That the diorite was emplaced earlier than the granodiorite is shown by exposures 
where the diorite is veined by granodiorite (e.g., in Dawson Creek at 939998). The diorite, 
though not seen in large masses, is more homogeneous than the granodiorite, and lacks 
xenoliths. It seems to be an intrusive but outcrops are not good enough to discuss its origin 
further. 
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IX. LATE BASALTS AND THEIR EFFECT ON THE GRANODIORITE 
In two places in the basin there are outcrops of basalt which are certainly much later 
than the granodiorite, but whose exact age cannot be ascertained. These basalts are probably 
the same age as that which occurs at Mt. Glorious and are most likely Tertiary. One 
occurrence (at 976988) of basalt in the Samford basin is of particular interest in its relation 
to the diorite; the other. at about 974000, seems to be the remnant of a flow overlying the 
granodiorite. 
The basalts are fine-grained dark rocks of seriate texture, composed of labradorite, 
faintly purplish clinopyroxene, plentiful euhedral iron ore, a little olivine and apatite. 
The basalt at 976988 occurs at the summit of a small hill which rises steeply from the 
undulating granitic country. It forms a roughly circular outcrop of rather platy blocks, the 
platy nature being determined by a fluidal character; this orientation can in places be seen to 
be parallel to the margin of the outcrop, and the basalt therefore appears to be of pipe-like fonn. 
The basalt is of normal character, but outwards it grades into a dull grey rock which 
contains ill-defined white or grey felsic grains. This rock is usually rather weathered-looking, 
being stained with limonite; in some specimens vesicles are present. Contacts between it and 
the granodiorite are not exposed on the steep slope, but fresh granodiorite can be collected 
from boulders further downhill. The field evidence clearly indicates that the grey rock is an 
alteration product of the granodiorite due to the intrusion of the basalt ; microscopic 
investigation corroborates this. 
The granodiorite is a fresh rock of the normal type, with a mode as shown in the table. 
Modes 
Granodiorite 
19.R 
43.6 
14.4 
13.1 
9.0 
0.1 
Quartz 
Plagioclase 
K-Felspar . . 
Biotite 
Hornblende 
Iron Ore 
100.0 
Partly Fused Rock 
8.9 
39.6 
2.6 
Glass + Pyroxene + Iron Ore 48.9 
100.0 
In section the partly-fused rock (Figure 20) is seen to consist of crystals of plagioclase 
and quartz with aggregated ore dust, and embryo crystals, set in a glass of varying colour. 
The larger crystals are similar in size to those of the nearby granodiorite, viz., plagioclase 
0.5-2 mm., quartz 0.5-1 mm. Plagioclase is the dominant mineral. Some grains appear 
quite fresh while others show a honeycomb-like or lace-like texture due to alteration to glassy 
material along cleavages. In the fresher crystals (intermediate andesine) albite twinning is 
common, Carlsbad and pericline twins are rarer; zoning is common. Where plagioclase and 
quartz were formerly in contact there is now present a layer of glass about 0.08 mm. wide. 
:rhe gl�ss varies in colour fr.om colourless .to. dar� brown. Pota.sh felspar is recognised from 1ts hablt as usually shown m the granod10nte, H . ,  as pools enclosing plagioclase. It now 
shows no signs of a microperthitic texture, and is cloudy grey to darker in colour, in some 
cases grading into dark glass. Quartz is much cra1:ked and corroded, the outlines being 
irregular ra�her �han smo':'th.ly embayed. Strain phenomena are unusual. The original fer:rom�g�esian mtnerals-btOhte �n.d hor?b�ende-have not survived, their former presence bemg mdic�ted . by ore dust. Ongmal b10t1te se1:tions perpendicular to the cleavage show 
t�e ore gram� hne� up parallel to that cleavage. Other ore-dust aggregates are associated 
w1th small pnsmahc clear crystals about 0.05 mm. long. These are length slow and optically 
positive and appear to be augite. 
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The glass is variable in colour, though two main varieties can be distinguished. One 
is the dark brown glass which contains embryonic crystals of felspar and augite and opaque 
hair-like crystallites. It occurs in irregular interstitial patches · and has a refractive index 
of about 1.497. The other variety is paler and forms globules 0.25 mm. or less across. Some 
of these are not quite isotropic, and the refractive index centres about 1.475. 
Alteration of granitic rocks by basaltic intrusives has been noted by several authors. 
Wilson (1952) recently described an occurrence in which he thought hydrothermal alteration 
was important ; the resulting rocks were somewhat different from those just described, but 
he notes a reference to work by Harrison (1908) who wrote that due to "truly thermal 
metamorphism" "biotite and hornblende are completely replaced by granular augite and 
magnetite dust." 
Earlier, Larsen and Switzer (1939) gave a detailed account of tonalite fused by augite 
andesite. In the pale brown glass so formed crystals of plagioclase and augite occur. The 
authors state (p. 567): "The early material to become liquid should be the same as the late 
material to crystallize. This is true ffi-r the inclusion at Cerro de la Calaveras, where the glass 
from the partial fusion of a· granodiorite has the composition of a granite." These authors 
earlier in the paper stated that the plagioclase and augite developed as "true phenocrysts 
from the molten glaSs." It is obvious, therefore, that the original fusion product could .not 
have had the composition of a granite, but must have been more basic. 
In the Samford occurrence there was likewise crystallisation of pyroxene and felspar 
from the original liquid from which the glass solidified, but it must also be noted that there 
are present the globules whose refractive index indicates a composition very rich in silica. 
It is likely that this was largely a dry fusion and the lack of water inhibited the cry5tallisation 
of quartz from this glass. 
Kranck and McQuaig (1954) carried out experiments in melting granite and other rocks 
and found that ferromagnesian minerals started to melt earlier than felspar and quartz. Their 
experimental meltings seem to have produced results similar to those of this natural melting 
by the basalt. Kranck and McQuaig write: "The sequence of melting in natural rocks thus 
does not under all conditions correspond to the sequence of crystallization found in artificial 
melts. The experiments seem to throw some doubts on the theory that aplitic and granitic 
material is formed by means of partial anatexis." On the other hand, however, these various 
examples of early melting of ferromagnesian minerals may solve the problem of the early 
appearance of relatively small amounts of dioritic and other related rocks in association with 
granodiorites such as the Samford mass. 
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EXPLANATION OF PLATES 
PLATE I 
Figure 1-The finer-grained granodiorite, with many areas of quartz enclosing the small plagioclases. 
Crossed nicols, X 15. 
Figure 2-The quartz-rich type of granodiorite showing the abundant quartz and its form. The dark area, 
mid-left, is biotite enclosing small quartz grains. Crossed nicols, X Hi. 
Figure 3-T�ondhjemite-porphyrite, with_ embayed quartz, plagioclase, biotite and hornblende, set in a fine 
grwned groundmass. Crossed meals, X Hi. 
Figure 4-A complex, zoned plagioclase, and embayed quartz in a rock of intermediate trondhjemite type. 
Crossed nicols, X 15. 
PLATE II 
Figure 5-The rock intermediate between trondhjemite porphyrite and granodiorite, showing embayed 
quartz, plagioclase, biotite and hornblende, with a. small amount of interstitial material. Crossed 
nicols, X 15. 
Figure 6-An outcrop of_ granodiorite in the South Pine . River s�owing typical distribution of xenoliths. Figure 7-The charactenstic texture_ of a porphyrobla.s�tc xenolith. Crossed_ nicols, X 15. 
Figure 8-Diorite showing marked ahgnment of the plagwclases. Other constltuents are augite: hornblendE 
and ore. Crossed nicols, X 25. 
PLATE III 
Figures 9, 10, l l-T_he development of the characteristic "quartz-pool" texture from hornfels (9, X 50), 
through a:n Intermediate stage (10, X 2q) with many quartz pools, to a more granitic texture witb 
large pla.gwcla.ses (11, X 20). Crossed meals. 
Figure 12-A plagioclase cr_ystal in partly granitised andesite showing the outgrowth into the interstithl 
mosaic. Crossed ntcols, X 70. · 
PLATE IV 
Figures 13, J-1., 15, 16-Progressive granitisa�ion of andesite, from andesite with only slight recrystallisatioD 
(13), to a rock approaching gramtlc texture (15). Crossed nicols, X Hi. 
PLATE V 
Figure 1 i-A section from a partly granitised andesite inclusion, with the quartz in amoeboid form. Crossed 
nicols, X 15. 
Figure IS--Granodiorite with a fine-grained patch of quartz and biotite. Crossed nicols, X 15. 
Figure I !:!-:-Altered hornfels from dark material in agmatite from the Samford Creek Contact. Crossed 
meals, X Hi. 
Figure 20-Partly fused �anod.iorite, wi�h plagioclase, quartz, glassy globules, pyroxene crystals (top centre) · 
and glassy matnx. Polarised hght, X 40. 
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